82 hypothesis was also proposed by Heslop-Harrison in the same reference; (4) wing-83 thorax friction hypothesis [12, 21, 22, 24] : forewing rubs against the thorax when wings 84 vibrate. Specifically, friction occurs between the anal area of forewing and axillary cord 85 located on mesoscutellum and metascutellum; (5) leg-abdomen friction hypothesis [19] :
86 abdomen contraction can be seen when psyllids emit signals, therefore, Heslop-87 Harrison thought that the friction occurs between inner side of leg and abdomen, of 88 which, the first sternite possess a rough bee-hive-like structure; (6) axillary sclerite-89 thorax friction hypothesis: this is a new hypothesis that is first proposed in this study. 90 We suggest here that the axillary sclerite makes contact with the thorax while the 91 forewings vibrate rapidly and that is how psyllids produce vibrational signals.
92
As mentioned above, most hypotheses are involved with wings, hence, specific 93 experiments are designed to verify each hypothesis and examine the most likely 94 mechanism of psyllid sound production. These experiments are implemented through 95 wing-cut and observation, through using high-speed video recorder to record the 96 numbers of wing vibrations when psyllids emit signals and by taking scanning electron 97 microscopy (SEM) images to observe the existence of specific anatomy that might 98 serve as sound producing structures.
100 Materials and methods
101 Insect preparation 102 Psyllid larvae were collected from the field (Table 1) and positioned in an 103 incubator maintained in a dark environment and temperature at 25±2℃. Adults do not 104 mate at night so the lack of light was utilized to maintain virginity [25] . Larvae were 105 raised within a plastic box (27 x 19 x 5 cm) in which plant shoot cuttings were inserted 106 in a vial of water. Emerging adults were isolated into a small plastic box (15 x 8 x 5
107 cm) and sexed immediately after eclosion.
108
109 137 was gently settled on a plant shoot which was inserted into a water vial. The plant shoot 138 was confined in a plastic tube (15 x 5 cm) to restrict the psyllids from jumping away.
139 Signals emitted from the psyllids were received by a gramophone stylus which slightly 140 touched the base of the plant shoot and was then amplified through an amplifier (Lzban, 141 DRA-455, China) and saved in a dictaphone (Laxon, USB-F 20, Taiwan). If psyllids 142 did not make any signals for a while, we used a dictaphone (Sony NWZ-E435, Japan)
143 to playback recorded conspecific signals to induce its vibrational behavior. Sampling 144 rate for signal recording was 48,000 Hz.
145
146 Wing-cut experiments 147 We designed a series of wing-cut experiments to examine the role of wings in 148 producing signals (Fig 1) . The treatments are described below. A1: without any 149 treatment (control); A2: forewing cut; A3: hindwing cut; A4: both wings cut; A5: anal The results for the other four species of psyllids, i.e., Me. camphorae, T.
224 sozanica, C. oluanpiensis, and C. tobirae, were consistent with that of Ma. gladiata.
225 Individuals of both A1 and A6 could make sound, however, A2 could not make sound 226 (Table 3 ). The amplitude of volume ratio of A1 were significantly larger than that of 227 A6 in these four psyllid species (Table 3) . (Fig 3) . In addition, the rough surface on mesothorax 242 appears to form the area of friction with the dorsal surface of the secondary axillary 243 sclerite (Fig 3) . 
253
As a result of the wing-cut experiments, we were able to elucidate the crucial 254 relationship between sound making and wings in the treatments of A1, A2, A3, and A4.
255 Consequently, according to forewing cut (A2) and hindwing cut treatments (A3), we 256 ensured that psyllids are not able to make sound without forewing and it is now clear 18 257 that the hindwing is certainly not evolved in sound production. The psyllids with only 258 forewings left were able to produce sound, and the signal amplitude of those individuals 259 was not significantly different compared with control treatment (Fig 2; Table 3 ).
260 According to this evidence, we confirm the importance of the forewing in contributing 261 to the sound producing mechanism of psyllids. 327 are significantly lower than that of hindwing cut (A3) and control treatments (A1).
328
Based on examination of SEM photographs, the sclerotized structure of the 329 axillary sclerite in psyllids were rough and may be suitable for friction with the thorax 330 to produce signals. Especially the second axillary sclerite which is well-developed 331 structurally and possesses scale-like structure on the surface. The sound producing mechanism of psyllids 334 We conclude that the sound producing mechanism of Psylloidea has two 335 components. One is via the stridulation between anal area of forewing and the axillary 336 cord on mesothorax. The other is via stridulation between axillary sclerite of forewing 337 and thorax. The finding of the axillary sclerite as a sound producing mechanism is a 338 novel scientific finding. The forewings of psyllids play an important role during sound 339 producing but the loss of the hindwing does affect sound production (Fig 2) . Results
340
showed that the signal amplitude declines if the anal area of forewing was removed or 341 only the axillary sclerite is left intact. This phenomenon suggest that the remigium of 342 the forewing may serve as an amplifier of signals. 351 as well. Tishechkin [22] pointed out that the axillary cord is different among psyllids
